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(57) A process for reducing the amount of excess 
sludge by aerobically treating an aqueous organic 
waste in an aeration tanic in tlie presence of a biosludge 
containing aerobic microorganisms, sLd3jectlng the 
resulting mbced liquor to a solid/liquid separatton, the 
so-separated liquid phase being discharged as treated 
liquor, ard supplying at least a part of the separated 
bbsiudge. after having been treated with ozone, to the 
aeration tanK wherein the ozone treatment is realized 
by passing a mixed flow of a biosludge-oontaining liquor 
to be treated or a liquor containing the ozonized bios- 
ludge and of an ozone-containing gas through a flow- 
down pipe in a downward flow and introducing the flow 
into an ozone-treating vessel in a state in which the 
ozone-containing gas is dispersed as finely disinte- 
grated bubbles, whereby clogging of gas diffuser due to 
adhesion of the biosludge Is avoided and the ozone 
treatment Is attained at a high ozone yield. 



Fig. 1 




lU 



Primed by Xsnx (UK) Business 
2.16.6>3l4 



BEST AVAiLABLE COPY 



1 



EP0 881 195A1 



2 



Description 

FIELD OF THE INVENTION 

The present invention relates to a process and an s 
apparatus for biologicat treatment of aqueous organlG 
wastes in which the wastes are treated in the presence 
of a I3i06luclge containing living aerobic nticroorgan> 
isme. In particular, the present invention relates to a 
process and an apparatus, in wl^'ch the amount of 10 
excess sludge in the aerobic biological treatment sys- 
tem can be reduced. 

BACKGROUND OF THE INVENTION 

IS 

An aerobic biologica! treatment of aqueous organic 
wastes l3y treating them under an aerobic condition by 
making use of actions off aerobic microorganisms, as in 
a biosludge treatment, pernrtits a low cost treatment with 
a superior treatment performance and has found a wide 20 
use in general. It suffers, however, from a prot}iem of 
occurrOT?B of a large amount of "excess sludge", which 
is difficult to be dewatered. This excess sludge may 
amount even to about 30 - 60 % by weight of the 
reduced BOD and tl^ disposal thereof is difficult. Here- 25 
tofore, such an excess sludge has been disposed of by 
depositlr^ it in a lancSili. h has recently become more 
and more drfficuH to reserve such a landfill site and. 
thus, reduction of the amount of excess sludge is 
required. 30 

A process has been proposed for reducing the 
amount of excess sludge in an aerobic biological trea^ 
ment of aqueous organic waste by subjecting the bios- 
ludge formed therein to an ozone treatment and returing 
the resulting treated sludge to the aerobic biological ^ 
treatment step (for example, Japanese Patent Kbkai Na 
206088/ 1994 and corresponding EPO 0645347 A1). 
This prior technique can reduce the amount of the bios- 
ludge formed during the aerobic biological treatment by 
subjecting the biosludge to an ozone treatment to con- 40 
vert it into an easily biodegradable product in order to be 
metabolized by aerobic microorganisms as a BOD 
source, whereby it may eventually be attainable to 
reduce the amount of formed excess sludge even to 
zero. 4s 

In such a treating technique, the ozone treatment is 
realized by blowing an ozone-containing gas into a bios- 
luc^e-oontaining liquor to cause ozone to contact with 
the biosludga When an ozone-containing gas e blown 
into a biosludge-coitaining liquor, the liquor becomes so 
viscous and easily fbamable due to the oxidative degra- 
dation of the biosludge, whereby the entire biosludge- 
containing liquor in the ozone-treating vessel will 
become filed with a foam layer of a consistency similar 
to a shaving cream. Even if tfie ozone-containing gas is sb 
further blown thereinto in Ws state, it is difficult to 
increase the gas/liquid contacting efficiency by a further 
fine disintegration of bubbles and. thus, any higher 



ozone absorption rate may not be attained. 

Therefore, it is necessary, for attainong a high ozone 
absorption rate, to further disintegrate the bubbles of 
ozone-containing gas, wherefbr a technique of blowing 
an ozone-containing gas into the biosludge-containing 
liquor through a poroue gas diffuser plate may be 
employed. Here, however, bacteria havir^ high resistiv- 
ity against ozone are apt to grow due to the conversion 
of the biosludge into an easily biodegradable product, 
despite of that ozone exhibits a bactericidal action. This 
will bring about adhe^on of biofilm onto the diffuser 
plate to cause bloctege thereof, so that the introduction 
of the ozone-containing gas therethrcnjgh may not be 
allowed to maintain for a long period of time. 

An object of the present invention is to provide a 
prcxess and an apparatus for a biological treatment of 
aqueous organic wastes, which enables to maintain the 
ozone absorption rate at a higher value and to realize 
an uninten*upted long durable introduction of the ozone- 
containing gas by introduting the ozone-containing gas 
so as to fomn finely disintegrated bubbles wmx)ut suffer- 
ing from blockage of the gas blow-in element, even 
when a thick foam layer is built up within the entire 
ozone-treating vessel due to formation of a viscous and 
easily fbamable biosludge susper^ion by the ozone 
treatment whereby an efficient ozone treatment can be 
realized while reducing the amount of excess sludge. 

DISCLOSURE OF THE INVENTION 

The process fbr biological treatment of aqueous 
organic wastes according to the present invention is 
based on an aerobic treatment of the aqueous organic 
waste in an aeration tank in the presence of a biosludge 
containing aerobic microorganisms, which comprises 

a ^ep of aerobic biological treatment realized by 
subjecting the aqueous organic waste supplied to 
tiie aeration tank to aerobic biological treatment in 
the presence of biosludge containing aerobic 
microorganisms, 

a step of solid/liquki separation realized by subject- 
ing the mixed liquor In the aeration tank to solid/liq- 
uid separation, the so-separated liquid phase being 
discharged as treated liquor, 
a step of ozone treatment realized by treating a 
biosludge-containing liquor, whk:h is formed from a 
part of either the mixed liquor witixftrawn from tiie 
aeration tank or the separated biosludge from tiie 
solid/liquid separation, with ozone and 
a step of supplying a liquor which contains the ozo- 
nized biosluc^e to the aeration tank. 

wherein the step of ozone treatment com- 
prises passing a mixed flow of tiie biosludge-con- 
taining liquor to be treated or the ozonized 
biosludge-containing liquor and of the ozone-con- 
taining gas through at low-down pipe In a downward 
flow and introducing the f tow Into an ozone-treating 
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vessel in a state in which the ozone-containing gas 
is dispersed as finely disintegrated bubiales within 
the biosludge-oontaining liquor, so as to cause the 
biosludgeHSontaining liquor to contact with the 
02one-containlng gas. 5 

The apparatus for bfotoglcal treatment of aqueous 
organic wastes according to the present invention conn- 
prises 

10 

an aeration tank in which aerobic treatment of the 
aqueous organic waste introduced thereinto is real- 
ized in the presence of a biosludge containing aer- 
obic microorganisn^, 

a solid/liquid separation means for subjecting the i5 
mixed liquor in the aeration tank to soiid/liquid sep- 
aration and discharging the so-separate liquid 
phase as treated liquor, 

an ozone-treating vessel In which a biosludge-con- 
talning liquor formed fi'om a part of either the mixed 2o 
liquor withdrawn from the aeration tank or of the 
separated biosludge from the solid/liquid separa- 
tion is contacted with an ozone-containing gas to 
effect an ozone treatment and 
a supply line for supplying a liquor which contains ss 
the ozonized sludge in the ozone^reating vessel to 
the aeration tank. 

wherein the ozon&4reating vessel is pro- 
vided with a flow-down pipe for passing a mixed 
flow of the biosludge-contalning liquor to be treated so 
or the ozonized biosludge-contarilng Iquor and of 
the ozone-containing gas therethrough in a down- 
ward flow, so as to cause the ozone-containing gas 
to be dispersed as finely disintegrated gas bubbles 
within the bioeludge-containing liquor. 35 

The aqeous organic wastes to be treated according 
to the present invention are aqueous wastes which con- 
tain organic substances capable of being treated by a 
commonly enrqployoi aerobic biological treatment tech- 4o 
nque and which may contain also some other difficultly 
biodegradable organic substances and even inorganic 
substances. Examples of such aqueous organic wastes 
Include sewage water, excrements, waste liqours ftom 
food and drink manu^cturing factories and various as 
industrial aqueous wastes. 

According to the present invention, aqueous 
organic watstes are subjected to an aerobic biological 
treatment in the presence of a biosludge containing aer- 
obic microorganisms. For such a treatment, while a 6o 
standard technique for aerobic biological treatment with 
an activated sludge, which comprises the steps of bring- 
ing the aqueous organic waste into contact with the acti- 
vated sludge in an aeration tank under aeration, 
subjecting the resulting aqueous suspension to a ss 
so\mk\M separation in a solld/lk^uid separation unit 
and returning a part of the so-separated biosludge to 
the aeration tank, may be enrployed in general, other 



techniques of modifications of such standard technique 
may also be employed. 

Accoiding to the present invention, a part of the 
bic^ludge Is withdrawn from the treating system of such 
an aerobic biological treatment and the withdrawn bios- 
ludge is subjected to an ozone treatment. While it Is 
preferable for effecting the biosludge withdrawal to with- 
draw a part of the biosludge separated in the sofid/flquid 
separation unit, it may be permissible to witTviraw the 
bic»ludge in a form of mixed liquor from the aeration 
tank. When withdrawing from the separated biosludge, 
a part or the whole of the biosludge exhausted as the 
excess sludge mc^ be withdrawn. It is more preter^e, 
however, that a part of the biosludge to be returned to 
the aeration tank as return sludge is further withdrawn 
in addition to the excess sludge to subject to the ozone 
treatment In this case, the amount of excess sludge 
can further be reduced and may even reach zero 
according to some conditions. 

By effteting the ozone treatment In an ackJIc condi- 
tion in an pH range below 5. Here, the pH control may 
be attained preferably by adding an inorganic add, ^h 
as sulfuric acid, hydrochloric acid or nitric acid, as a pH 
controlling agent, to the btosiudge or by addogenesis of 
the biosludge or, further, by a combination of them. 
When using addition of ttie pH controlling agent, it is 
preferable to adjust the pH value at 3 - 4. When acido- 
genesis is employed, a pH of 4 - 5 may preferably be 
acljusted. 

The ozone treatment can be carried out by causing 
the extracted sludge or the resulting suspension from 
the ackiogenesis as such or, if necessary, after it has 
been concentrated by, for example, a centrifuge, to con- 
tact with ozone at a pH of 5 or lower. As the ozone 
source, not only ozonized oxygen gas, but also ozo- 
nized air. may be employed. The amount of ozone to be 
introduced may preferably be adjusted at a vahje of 
0.002 - 0.05 gram of O3 per one gram of VSS, preferably 
0.005 - 0.03 gram of 63 per one gram of VSS. TMs 
anxxjnt of ozone to be Introduced corr^ponds to the 
anx>unt of ozone absoft>ed by tiie sliojge-containing 
gas. By the ozone treatment tiie biosludge is subjected 
to an oxidative biodegradatlon and Is converted Into 
BOD conponenlB. 

According to the present invention, a technique is 
acfopted in which a flow-down pipe is employed for 
effecting the contact with ozone. Thus, an ozone-con- 
taining gas is introduced into the ozone-treating vessel 
in a slate of finely disintegrated bubbles dispersed 
within the bioslixJge-containing liquor by passing a 
mixed flow of the biosludge-containing liquor to be 
treated or the ozonized sludge-containing Iquor arxi of 
tiie ozone-containing gas through the down-flow pipe in 
a downward flow. By dispersing the ozone-containing 
gas In the form of finely disintegrated kxjbbles, tiie 
gas/liqud contacting efficiency becomes inaeased and 
the ozone absorption yield is increased. 

In the biosludge-containing liquor introduced into 
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the vessel in the state of dispersion of the ozone-con- 
taining gas, the ozone-containing gas wili gather at tlie 
upper part and the liquor wOl gather at the bottom. By 
this, basically, a foam layer rich in the gas components 
l8 formed at the upper part and a liquid layer containing s 
gas bubbles is formed at the lower part 

The height of the Gquid layer may favourably 
amount to 0.2 - 3 metere, preferably 0.5 - 1.5 meters. 
While a height of the liquid layer of at least 1 meter may 
be enough, a height of 1 -10 m, morepr^erably2-5m io 
may be desirable. 

The liquid layer is rich in liquid but contains gas 
bubbles and has, as a whole, an appearance similar to 
a shaving cream constituted of a loam layer, so that the 
boundary between both layers may in some times be is 
uncertain. Here, it is necessary to blow the ozone-con- 
taining gas into the vessel in a state in which the gas is 
preliminarily fkiely disintegrated, since the gas bubbles 
may not be dispersed by simply blowing the gas there- 
into. When, accoidingiy, the gas Introduction is effected 20 
through a porous diffuser plate, dogging of the pores 
wifl occur so that a successive operation for long period 
of time will be difficult 

In the ozonized biosludge-containing liquor in the 
liquid layer formed at the lower part, the requisite 25 
absorption of ozone is effected by mixing the liquor with 
the ozone-containing gas repeatedly and introducing 
the mixture tfvou^ the fiow-down pipe in a downward 
flow. Here, the liquor may be drculated either to the 
flow-down pipe of one and the same ozone-treatirig ves- 30 
sel or to the flow-down pipe of a subdivided ozone-treat- 
ing vessel in a posterior stage of a multistaged ozone- 
tmting unit. 

The longer the flow-down pipe is. the more prefera- 
ble win be. However, the length may usually be 1 - 20 m, 3S 
prtferably 2 - 10 m. In the case of short length, the 
ozone absorption rate can be inaeased by circulating 
either the liquor or the gas or passing it through a multi- 
staged unit. The flow rate proportion of gaa/liquor in the 
flow-down pipe may generally be 0.1 - 1 , preferably 0.2 4o 
■ 0.5. The ozone absorption rate becomes high by 
adjusting the linear velocity (LV) of the gas in the flow- 
down pipe, In general, at 0.4 - 4 m/sec. preferably 0.6 - 
1 mAsec These values apply regardless of the pressura 
However, the amount of ozone absorbed in the liquor 46 
will be greater, as the pressure increases, since the gas 
volume becomes thereby deaeased. The gas pressure 
may usually be chosen in the range from nomnal pres- 
sure to 10 kg&bm^ gauge. In order to realize the above- 
mentioned introduction rate of ozone under such a con- so 
dition, it is preferable to adjust the space velocity (SV) of 
the gas in the ozone-treating vessel at a value of 3 - 5 

By the ozone treatment the biosludge Is subjected 
to an oxidative decomposition by the reaction with ss 
ozone and is converted into easiy biodegradable prod- 
ucts as BOD compcmerrts, which are sifspfled to the 
aeration tank to sut^ect to a biological treatment The 



exhaust gas discharged from the ozone-treating vessel 
is introduced Into the aeration tank together with the 
aeration air. after having been deprived of ozone by an 
exhaust gas treatment if necessary, to use for aeration 
to thereby cause the residual ozone to be absorbed by 
the biosludge present in the aeration tank, before being 
discharged out to the atmospheric air. 

By performing the aerobic biological treatment of 
the ozonized sludge by introducrig it into the aeration 
tank in the aerobic biological treatment step, the easily 
biodegradable products which have been converted into 
BOD conr^ponenls the ozone treatment are easily 
renwved under biodegradation. By this, a high treated 
water quality is attained with simultaneous reduction in 
the amount of the sludge discharged out of whole of the 
system. 

Here, the greater the amount of the sludge sub- 
jected to the ozone treatment, the higher will be the 
reduction rate of the amount of sludge. However, zero 
excess slLxJge cannot t>e attained simply by the ozone 
treatment of excess sludge, since the biosludge pix>llf^« 
ates upon the biodegradation of organic matters con- 
tained in the ozone-treated sludge, when, nevertheless, 
the ozone treatment Is effected while withdrawing the 
surplus bloslLXlge so as to reduce the amount of proli^ 
erated t»osludge to be apparently zero, the anmunt of 
excess eludge occuring from whole the system can be 
reduced to zero. 

Since the biological mnfieralization rate of the 
ozone-treated btosludge amounts to 30 - 35 % by 
weight. 65 - 70 % by weight of the eaxess sludge con- 
tinue to proceed to prolrferale. Therefore, the amount of 
formatton and the mount of mineralization of the bios^ 
ludge win become balanced so as to realize zero 
amount of excess sludge, when 2.5 - 3.5 times, prefera- 
bly 2.8 - 3.4 times the amount of the formed excess 
sludge, namely, the increased amount of biosludge 
without Incorporation of ozone treatment, are withdrawn 
and subjected to ozone treatment. 

Here, the biological treaimem performance may 
occasionally be decreased, as the amount of the bios- 
ludge sii3jected to the ozone treatment becomes 
Increased. However, no decrease in the biological treat- 
ment performarm may be found, so long as the amount 
of the biosludge to be subjected to ozone treatment is 
not higher than 30 % by weight per day. with respect to 
the amount of the sludge present in the biological treat- 
ment tank Even in case the b'otoglcal freatment per- 
formance decreases, this performance can be kept at a 
high value, by maintaining a constant amount of the 
bk)6ludge by arranging in the aeration tank a cannier 
means ibr carrying the btosludge. 

In the aerobic biological treatment step, a reduction 
of the amount of excess sludge can be attained while 
excluding any decrease in the performance of the bio- 
togical treatment with simultaneous improvement of the 
sedmentatfon property and dewaterablllty of the bios- 
ludge in the aeration tank, by controlling the annount of 
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sludge to be supplied to the ozone treatment and the 
amount of excess sludge exhaused out of the system so 
as to maintain the VSS/S5 ratio and the MLVSS value In 
the aeration tank at each predetermined value. By this, 
the operation of the solid/l'quid separation unit is made s 
easy and the dew-atering of the formed excess sludge 
can be effected easily. 

Thus, the sedimentation property and the dewater- 
ing perforniance can be improved by controlling the 
operatic»n in such a manner that the VSS/SS ratio of the w 
biosludge in the aeration tank is maintained at 0.2 - 0.7, 
preferably 0.3 - 0.6 and the MLVSS is maintained at SCO 
- 10,000 nr^g/1, preferably 1,000 - 5,000 mg/l. As a gen- 
eral trend, the lower the VSS/SS ratio, the higher the 
density of the biosiudge will be, whereby the sedlmenta- i5 
tion property and the dewaiering performance are 
improved. 

BRIEF EXPLANATION OF THE Df^WINQS 

20 

Fig. 1 is a scJiematic flow diagram showing an 
embodiment of the treatment apparatus. Fig. 2 is a 
sche^nnatic iiow diagram of another embodimertt of the 
treatme*it afpparafejs. Fig. 3 is a graph showing the rela- 
tionship between the proportion of gas/liquor flow rates 25 
in the flovif-down pipe and the ozone absorption rate in 
the E.yample. Fig. 4 is a graph showing the relationship 
between the gas linear velocity in the flow-down pipe 
and the ozone absorption rate in the Example. 

30 

THE BEST MODE FOR REALIZINQ THE INVENTION 

Figs. 1 and 2 show each a preferred embodiment of 
the treatment aicparatus according to the present inven- 
tion. In Fig. 1. symbols 1. 2 and 3 represent each an ss 
aeration tank, a solid/liquid separation vessel and an 
ozone-treating vessel, respectively. In the aeration tank 
1 , a gas distributor 4 is arranged to which air is supplied 
via an air supply line 5. A waste supply line 6 and an 
activated sludge return line 7 comnrtunicate to the aera- 40 
tion tank 1 . which is connected to the solid/liquid sepa- 
ration vessel 2 by a connection line 8. The solid/liquid 
separation vessel is connected at its upper portion with 
a treated water line 9 and at its bottom with a sludge dis- 
charge line 10 branching away to the activated sludge 4s 
return line 7 and to a biosludge withdrawal line 11. 

The biosludge withdrawal line 1 1 communicates via 
a pump 12 to a spray means 13 disposed at an upper 
portion of the ozone-treating vessel 3. The ozone-treat- 
ing vessel 3 is provided with a vertically directed flow- so 
down pipe 1 4, at the opening end of which is an^nged a 
bumper plate 15. An ejector 16 is arranged above the 
flow-down pipe 14, to which a circulation line 18 with a 
pump 17 communicates. The ejector 16 is connected 
with an ozone supply line 20 guided from an ozone gen- ss 
erator 19. An ozonized biosludge supply line 22 having 
a vatve 21 branches from the circulation line 18 to the 
aeration tank 1 . 23 is a liquid level incficator of electrode 
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type which controls the degree of opening of the valve 
21. An exhaust gas line 24 is guided from the top of the 
ozone-treating vessel 3 and q^sns into the aeration tank 
1 . 25 is an acid injection line. 

An aqueous organic waste is treated by this appa- 
ratus In such a manner that the aqueous organic waste 

15 guided from the waste supply line 6 into the aeration 
tank 1 where It is mixed with the activated sludge 
returned via the sludge return line 7 while introducing air 
thereinto to effect aeration of the resulting mixed liquor, 
in order to realize an aerobic biotreatment by making 
use of the biok>giGal activity of aerobic microorganisms 
In the activated sludge. The mixed Itcpjor within the aer* 
alion tank 1 is guided into the solid/lk^uid separation 
vessel 2 via the connection line 8 to subject it to 
solid/liquid separation, whereupon the so-separated liq- 
uid is drawn out as the treated water via the treated 
water line 9. The bk)sludge separated therein is taken 
out via the sludge discharge fine 10, a part of which is 
returrihad to the aeration tank 1 via the return line 7. TTie 
renfYainder of the separated biosludge is guided via the 
biosludge withdrawal line 11 by tfie pump 12 into the 
ozone-treating vessel 3 as a biosludge slurry to be ozo- 
nized. At this occasion, an acid Is introduced into the 
unit via the acid injection line 25. 

In the ozone-treating vessel 3, a contacting zone 26 
is built up which is composed of a relatively liquid-rich 
liquid layer and a relatively liquid-lean foam layer ther- 
eon. Above the ozone contact zone 26 is formed a gas 
space 27. T^e biosludge slunry to be ozonized is circu- 
lated by drawing out the slurry from the bottom of the 
contacting zone 26 through the circulation line 1 8 by the 
pump 17. whereby a mixed flow is built up in the flow- 
down pipe 14 under aspiration of the ozone-containing 
gas supplied from the ozone generator 19 by the ejector 

16 and is guided in the flow-down pipe 14 in a down- 
ward flow. Due to the re^e^ action of the floating fbrce 
of the gas against the down flow of the mixed liquor in 
the flow-down pipe 14, a vortex ftow is produced, 
wtiereby the ozone-containing gas is di^ersed within 
the biosludge slurry as finely disintegrated gas bubbles. 

Due to the fine dispersion of such minute bubbles of 
the ozone-containing gas in the biosludge sluny, the 
gas/llqukj contact area becomes large. The mixed flow 
discharging out of the flow-down pipe 14 into the con- 
tacting zone 26 rushes onto the bumper plate 15 and 
diverges over the entire area of the ozone absoibing 
vessel. It flows up the contacting zone 26 while main- 
taining the state of gas/liquid contact and passes 
through the foam layer where a thin film contact pre- 
vails, whereby the gas/liquid contact efficiency Is 
increased and the ozone absorption rate becomes high. 
Since the diameter of the flow^iown pipe 14 is far 
greater than the pore size of the perforated plate, there 
is no fear of dogging thereof due to adhesion of the 
biosludge. By spraying the biosludge sluny guided from 
the biosludge withdrawal line 1 1 to the ozone^eating 
vessel 3 onto the foam layer from the apray means 13. 
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formation off foam is suppressed. 

A |MU1 of the ozonized biosludge in the circulation 
line 18 Is supplied to the aeration tank 1 through the 
supply Ime 22 to subject to a biolysis by the activated 
sludge as a BOD source. IHere, the degree of opening of s 
the valve 21 is adjusted by means of the liquid level indi- 
cator 23 so as to maintain a constant level of the inter- 
face 28 between the contacting zone 26 and the gas 
space 27. The exhaust gas frorn the ozone-treating ves- 
sel 3 is guided from the top thereof via the exhaust gas 
line 24 to the aeration tank 1 to effect spent ozone treat- 
ment In order to fadiitate absorption of the spent ozone 
goB by the mixed liquor in the aeration tank 1, a large- 
sized flow-down pipe 14 was employed, which is not 
shown In the drawings. If a sufficient absorption of the 
remaining ozone in the spent ozone gas is not able to 
attain due to an excessively high concentration of ozone 
therein. It is preferable to instaO an apparatus for eff^- 
ing a preliirtinary ozone removal using, such as, an acti- 
vated carbon, a catalyst or tfie like, midway In the 
exhaust gas line 24. 

By maimaining the ratio of gas/liquid flow rates and 
the gas linear velocity in the fk)w-down pipe 14 within 
the above-mentioned ranges, respectively, the ozone 
absorption rale can be increased, wherein the rate of 
recirculation of the biosludge slurry and the residence 
time of the k>iosiuclge required for the ozone dose there- 
for can be determined. While tiie ozone treatmem can 
be effected under nomal pressure, preference is given 
for carrying out the ozone treatment under a pressu- 
rized condition, since the ozone absorption rate 
t>ecome& higher and the recirculation rate and the resi- 
dence time can be reduced. 

While tiie biosludge slurry to be ozonized is 
sprayed for destroying the foam layer in the embodiment 
of Fig. 1, it is permissble to supply the biosludge slun^y 
to the f low^jown pipe together with the circulated bios- 
ludge while employing a separate foam destroying 
means. A pump for exclusive use for guiding the ozo- 
nized biosludge may be installed and may be controlled 
by means of tiie liquid level indicator. The introduction of 
the ozone-containing gas into the biosludge slurry may 
be effected by making vsb of the gas pressure ^ the 
ozone generator, instead of using the ejector. 

In the emt5odiment of Fig. 2, the ozone-treating ves- 
sel 3 is composed of three treating chambers 3a. 3b and 
3c, each provided with a flow-down pipe 14a, 14b or 
14c respectively. Above tiie flowu-down pipe 14a of tiie 
first treatrig chamber 3a, an ejector 16 is arranged, to 
which the sludge withdrawal line 1 1 and the ozone sup- 
ply line 20 communicate. The upper end of each of the 
f low<lown pipes 1 4b and 14c of ttie sut>sequent treating 
chaml3ers 3b and 3c is connected to each top of tiie 
respective preceding chantber 3a or 3b so as to open 
thereinto at a portton near the imerface. Subsequent to 
the final treating chamber 3c a foam destroying vessel 
29 Is arranged, which is provk^ed with a spray means 1 3 
connected with a connection line 30 gukled from the 



treating chamber 3c at a portion near the interface. 
From a tower portion of the foam destroying vessel 29, 
an ozonized biosludge supply line 22 having a pump 1 7 
oommnuicates to the aeration tank 1 to which also a 
spent exhaust gas fine 24 is guided from the top of the 
foam destroying vessel 29. 31 Is a regulator for control- 
Gng the level of the interface 28 between the contacting 
zone 26 and the gas space 27 in the treating chamber 
3a and regulates the valve 32 of the cxmnection line 30. 
The oorrtrol of the pump 1 7 is effected by means of the 
liquki level indicator 23. 

In the above-descrbed apparatus^ ozone absorp- 
tion is effected by introducing tiie ozone-oontaining gas 
into the first stage treating chamber 3a through tiie flow- 
down pipe 14a of the first stage of the ozone-treating 
vessel 3 under dispersion, while mixing, by means of 
the ejector 16, the ozone-containing gas with the bios- 
bjdge shjnry firom the biosludge witiidrawal line 1 1 under 
pressurlzation the pump 1 2. The mixed flows oonrting 
out of tiiefkyw-down pipes 14a, 14b and 14c rush onto 
the bottom walls of the treating chambers 3a. 3b and 3c 
and flow up then while being dispersed within the entire 
masses, whereby each contacting zone 26 constituted 
of a relatively Tiqukl-rich lk)uid layer containing bublales 
and of, above tiiis, a liquKl-lean loam layer is formed, the 
gaa/Iiquid contact being attained in this foam layer. From 
near the interface 28, the biosludge slunry and tiie 
ozone-containing gas flow into the flow-down pipe 14b 
or 1 4c of the subsequent stage in a form of a mixed flow, 
which Is tiien gukied as such in a downward flow Into 
the treating chambw 14b or 14c of the sut^sequent 
stage while causing the ozone-containing gas to be dis- 
persed. In this manner, th6 gas/lquid contact ie realized 
in a plug flow. 

The mixed flow of the biosludge slurry and tiie 
ozone-oontaining gas flows from a portion near flie 
interface of tiie treating chamber 3c, passing tiirough 
the connection line 30, into the foam destroying vessel 
29, while being sprayed through the spray means 13 to 
effect destroying of foam. The degree of opening of tiie 
valve 32 in the connection line 30 is controlled by a con- 
trol device 31 so as to maintain a constant pressure 
within thefirst stage treating chamber 3a The ozonized 
ikiuor 34 separated in tiie foam destroying vessel 29 is 
fed to tiie aeration tank 1 by the pump 1 7 via tJie supply 
One 22, while being controlled by the Ikiuid level indica- 
tor 23 so as to maintain a constant lk|ukJ level 33. The 
ozonizing exhaust gas separated in tiie foam de6tix>ying 
vessel 29 is introduced via the exhaust gas line 24 into 
the aeration tank 1, wherein the spent ozone is 
at)soibed t>y a mixed ik{uor in a flow-down pipe which is 
not shown in the drawing. 

The apparatus of Figure 2 is so constructed tiiattiie 
gas/liquid nrwod ftow is boosted by the pump 12. in 
order to pass it into the multitaged treating chambers 
3a, 3b and 3c as a plug flew, wherein the ozone at)sorp- 
tion rate is Increased due to the compression. 

WhBe the apparatuses of Figs. 1 and 2 incorporate 
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a soiid/liquid separation vessel 2 as the solid/liquid sep- 
arating means, it is permissbi^ to incorporate other sep- 
arating means, such as an immersed permeable 
membrane module or the like, in the aeration tank 1. 
When a permeable membrane module is empl<^ed. the s 
treated water Is taken out of the membrane module and 
the returning of the separated biosludge is effected on 
the surface of the membrane module, while realizing the 
withdrawal of biosludge for the ozone treatment by with- 
drawing the mi}»d liquor from the aeratkxi tank in order io 
to subject it to the ozone treatment 

A waste water from a medicinal production firm was is 
subjected to an aerobic treatment using the apparatus 
shown in Fig. 1 at a waste dischaiige rate of 240 mi^/day 
with a BOD level of 2,200 mg/l and a CODcr of 3.600 
mg/l, at a BOD load of 530 kg/day. The aeration tank 1 
had a capacfty of 1,900 m^. In whtoh the waste was ear- zo 
ated at an MLSS of 4,000 - 5,000 mg/l. whereby a 
treated water having a BOD of not higher than 10 mg/l 
and an SS value of 5 - 30 mg was obtained. The ozone- 
treating vessel 3 had a diam^ of 1,000 mm and a 
height of 5,400 mm with an effective volume of 3 m^. 
The ozone treatment was can'ied out at a biosludge 
eiuny concentration of 9,000 mg/l, a biosludge slurry 
flow rate of 1 .5 m^/hr. an ozoneKX)ntaining gas content 
of 25 g/trP, an ozone-containing gas ftow rate of 12 
m^/hr (with an SV of 4 hr^), a water circulation rate of so 
60 m^/hr and a pH of 3 adjusted with addition of sulfuric 
acid under normal pressure, whereby a stabilized ozone 
absorption rate was reached at 90 - 95 % {caioilated by 
KOa] in the supplied ozone-containing gas) - ([Og] in the 
exhaust gas)x 1 00] /([P3] in the supplied ozone-contain- 3S 
ing gas)}. The amount of the excess sludge generated 
without ozone treatment amounted to 200 1^ D8/day, 
which was reduced to zero with the ozone treatment. 
TTiere oocured no clogging of the ozone-treating vessel 
3. the flow-down pipe 14 and the circulation line 18 due 40 
to adhesion of the sludge. 

The variation in the ozone absorption rate (%) due 
to alteratk>n of the gas/Iiquld flow rate ratio (G/L ratio) in 
theflowKJown pipe at a space velocity (SV) of the gas of 
4 hr^ is shown in Fig. 3. Also, the variation In the ozone 46 
absorption rate (%) due to alteration of the LV of the gas 
in the flow-down pipe at a gas SV in the ozone treating 
vessel of 4 hr-\ a Q/L ratio in the flow-down pipe of 0^3 
and an LV of the circulating liquor of 60 m^/hr is shown 
in Fig. 4. so 

Rom Rgs. 3 ar^ 4. it is seen that a G/L ratio in the 
flow-down pipe of 0.1 - 1 and a gas LV in the flow-down 
pq3e of 0.4 - 4 nVsec are favourable. 



Comparative Example 1 

An ozone treatment was carried out in the appara- 
tus of Example 1 in such a manner that the flow-down 
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pipe 14 and the circulation line 18 were not used and 
the ozoneK»ntalnlng gas was dispersed In the ozone- 
treating vessel 3 using a porous gas diffusing device at 
an SV of 4 hr"\ whereby an ozone absorption rate of 88 
% was attained. The gas diffusing device began to be 
dogged after 14 days cuid the absorption rate was 
decreased to 70 %. 

Example g 

A sewage wasite of a discharge rate of 40 m^/day 
with a BOD of 190 mg/l was aerobically treated. The 
aeration tank 1 had a capacity of 10 m^, in which the 
treatment was candied out at an IWILSS of 2,000 mg/i. As 
the ozone-treating vessel 3, one having three treating 
chambers 3a, 3b and 3c each having a diameter of 1 70 
mm. a height of 2,000 mm and an effective volume of 1 5 
liters connected In series was employed. A biosludge 
slunry having a concentration of 4.000 mg/l was sup- 
plied at a rate of 400 liters per hour with its pH being 
acljusted at 3 by sulfuric acid. To this, an ozone-contain- 
ing gas of a concentration of 50 g/mi^ was introduced at 
a flow rate of 480 liters per hour using an ejector. The 
gas was supplied to each of the flow<lown pq3es I4a, 
14b and 14c in such a condition that a Q/L ratio in non- 
compressed state of 1.2, a gas LV in non-compressed 
state in the flow-down pipe of 1 .7 nVsec, so as to settle 
the first stage pressure at 1 .5 i^/cm^ gauge, the sec- 
ond stage pressure at 1.0 kg^cm^ gauge and the third 
stage pressure at 0.6 kgVbni^ gauge, in order effdct the 
ozone treatment The overall gas SV In ttie entire ves- 
sel is 10.6 hr*" (32 hr^ in each chamber) and the ozone 
dose Is 0.015 g O^g VSS. As a result, the actual G/L 
was observed to be 0.48 for the first stage. 0.6 for the 
second stage and 0.8 for the third stage. The ozone 
absorption rate was Ibund to be 65 % at the first stage 
exit. 80 % at the second stage eodt and 92 % at the third 
stage exit. No clogging of the ozon€»-treating vessel 3 
was observed. 

Examples 

The ozone treatment was carried out as in Example 
2 except that the ozone-containing gas was introduced 
compressedly by a booster pump. The pressure was 
settled at 10 kgf/cm^ gauge in the first tags. 9.2 kgf/cm^ 
gauge in the second stage and 8.5 kgf/cm? gauge in the 
third stage, llie actual G/L ratio was obsenred to be 
0.11 for the first stage. 0.12 tor the second Istage and 
0.13 for the third stage, whereby the ozone absorption 
rate was found to be 97 % at the first stage exit, 99 % at 
the second stage exit and 99.5 % at the third steige exit. 

ComoarativQ Eaanryle 2 

In a vessel of the same volume as the treating 
chamber 3a used In Example 2, the ozone-containing 
gas used in Example 2 was introduced using a porous 
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ga8 diffusing device so as to reach a gas SV of 10.6 hr' 
\ whereby an ozone absorption late of 75 % was 
obtained. After 21 days, the gas diffusing devrioe was 
dogged and became unusabia 

From the above results, it is seen that ozone treat- s 
ment can be realized at a high ozone al3sorptlon rate 
without suffering from clogging by the sludge, by cany- 
ingoutthe ozone treatment using a flow-down pipe, that 
the absorption rate becomes higher by designing the 
ozone treatment vessel in a multistage structure and io 
that the ozone absorption efficiency is increased by 
pressurization. 

INDUSTRIAL APPLICABILITY 

IS 

The process and the apparatus for biological treat- 
ment of aqueous organic wastes according to the 
present invention can be utilized fbr a process and an 
apparatus capable of reducing the excess sludge in the 
f iels of treating aqueous organic wastes, such as sew- 20 
age waste, excrements, waste water fix>m food produc- 
tion lactory and so on. 

Ddims 

1 . A process for aerobic treatment off aqueous organic 
wastes In which the wastes are treated aerol^caily 
in an aeration tank in the presence of biosludge 
containing aerobic microorganisms* comprising 

30 

a step of aerobic biological treatment realized 
by subjecting the aqueous organic waste sup- 
pllttl to the aeration tank to aerobic biological 
treatment in the presence of biosludge contain- 
ing aerobic nrficroorgenisms, ^ 
a step of solid/liquid separation realized by 
suli^ecting the mixed liquor in the aeration tank 
to solid/liquid separation, the so-separated liq- 
uid phase being discharged as treated liquor, 
a step of ozone treatment realized by treating a 40 
biosludge-containing liquor, which is formed 
from a part of either the mixed liquor withdrawn 
from the aeration tank or the separated bios- 
ludge from the solid/liquid separation, with 
ozone and 46 
a step of supplying a liquor which contains the 
ozonized biosludge to the aeration tank, 

wherein the step of ozone treatment 
corrprises passing a mixed flow of the btos- 
ludge-containing liquor to be treated or tlie ozo- so 
nized biosludge-containing liquor and of the 
ozone-containing qbs through a flow-down 
pipe in a downward f k3w and introdudng the 
flow into an ozone-treating vessel in a state in 
which the ozone-containing gas is dispersed as ss 
finely disintegrated bubbles within the bios- 
ludge-containing liquor, so as to cause the 
k»osludge-containing liquor to contact with the 



ozone^ontaining gas. 

2. A process according to Claim 1 , wherein the pro- 
portion of flow rates of gas/liquor in the flow-down 
pipe in the step of ozone treatment is in the range of 
0.1 to 1 and the gas linear vetodty therein is In the 
range of 0.4 to 4 nVsec. 

3. A process according to Claim 1 or 2, wherein the 
ozone treatment step is realized at a plH of 5 or 
tower. 

4. A process according to either one of Clainre 1 to 3, 
wherein the ozone treatment is realized under a 
pressure from normal pressure to 10 kgl^tr? 
gauge. 

5. An apparatus for biological treatment of aqueous 
organic wastes, comprising 

an aeratfon tank in which aerot>k: treatment of 
the aqueous organic waste introduced there- 
into is realized in the pr^ence of iaiosludge 
containing aerobic microorganisms, 
a solid/liquid separation means for subjecting 
the mixed liquor in the aeration tank to solid/liq- 
uid separation and discharging the so-sepa- 
rated liquid phase as treated liquor, 
an ozone-treating vessel in which a bfosludge- 
conlalning lk)uor formed from a part of either 
the mixed liquor withdrawn from the aeration 
tank or of the separated bfosludge from the 
solid/liquid s^saration is contacted with an 
ozone-containing gas to effect an ozone treat- 
ment and 

a supply line for supplying a liquor whidi con- 
tains the ozonized sludge in tiie ozone-treating 
vessel to the aeratfon tank, 

wherein the ozone-treating vessel is 
provided with a flow-down pipe for passing a 
mixed f tow of the biosludge-containing liquor to 
be treated or the ozonized biosludge-contain- 
ing liquor and of the ozoneKX)ntaining gas 
therethrough in a downward flow, so as to 
cause the ozone-containing gas to t>e dis- 
persed as finely disintegrated gas Ixibbles 
within the biosludge-containing ikiuor. 

6. An apparatus according to Claim 5, wherein the 

ozone-treating vessel is provided witii a circulation 
path for circutating tiie ozonized txosludge-contain- 
ing liquor in the ozone-treating vessel to tiie flow- 
down pipe and with an introduction path for intro- 
ducing the ozone-containing gas into the circulation 
path. 

7. An apparatus according to Claim 5, wherein the 
ozone-treating vessel comprises a plurality of multi- 
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staged treatment chambers each provided with a 
flow-down pipe and a transfer path fbr transferring 
the nnbcedf lew of the ozonized biosludge-contalning 
liquor sjnd of the ozone-oontaining gas from the 
treatment chamber of the preceding stage to the 5 
flow-down pipe of the treatment chamber of the 
subsequent stage. 



10 



15 



20 



30 



40 



45 



60 



65 



BEST AVAILABLE COPY 

9 



EP0881 195 A1 



F i g. 1 




21 



10 



EPOSai 195 A1 



INTERNATIONAL SEARCH REPORT 



i Bt e m ati o mr tpidicaiioD No. 

PCT/JP96/02025 



A. CLASSIFICATION OF SUBJECT MAmSR 

Int. Cl6 C02F9/00, C02F3/12, C02P11/06 
Aoeor«Bg to totBrnarioiiil PMaat OaMifio»tion (IPC) or to both nalioBttJ dwafication mm! IPC 
a HELPS SHARCHBD 



( dtMfffctti op tymem fbHowod by dmmcitkia ay nbote) 
Int. Cl6 C02P9/00, C02F3/12, C02F1/78, C02P11/06 



Jitsuyo Shinan Koho 
Kokai Jitsgyo Shlnan Koho 



totef 



it itpit vnGb 
1926 
1971 



im iadiided iailM liddi MM&lMil 



1996 
1996 



ndlB 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



GBte^ory* 



Citatioq of doemmnt, with iodicaitaii. wtwce ftnut^te, of Ihe idevmt pasM^ 



RelevuttodtimNo. 



JP, 7-96297, A (Kurita Water Industries Ltd.). 
April 11, 1995 (11, 04. 95), 
Claim & EP, Al, 645347 

JP, 8-19789, A <Kurita Water Industries Ltd.), 
January 23, 1996 (23. 01. 96), 
Claim (Family: none) 

JP, 8-132100, A (Kurita Water Industries Ltd,), 
May 28, 1996 (28. 05. 96), 
Claim ( Family : none ) 



1-7 



1-7 



1-7 



]J y»rtlwdoQiiiieBtitfclittedtathecontiDU>tionofBoK Q See patent fiimily iQnex. 



SpMU M|«fariM of dttdd 



gt toiey BrtoiMlOli^difcerpikithy 
lyMcafrD bin diSnD eixCwiJ 
ilyisgtkeiaveaikB 



lobteCpviiealamlemeB «hwh-i— thepfladpleeritemyiiadeityisg 



theprtcriiyd«Bci.iac4 -A- i mnimurt btrcf fteew p«e« tedly 



Dtte of llie Mtoftl oMpletkm of inlemattonl aetrdi 
October 14, 1996 (14. 10, 96) 



Date of maiiing of the iotetintloiial tetrds report 

October 22, 1996 (22. 10. 96) 



Namo aod maUiog addnas of tbe ISA/ 

Japanese Patent Office 
FaciimileNa 



Fom FCTASA/210 (aeooad afaevt) (Idy 1992) 



Tdephoae No. 



13 




THIS PAGE BLANK (uspto) 



EP0 881 195 A1 



F i g. 3 




Gas/Liquor Flow Rate Ratio in Flow-down Pipe 



F i g. 4 




12 



EP0891 195 A1 



F i g. 2 




AVAILABLE COPY 



